Almost all present control strategies for electrically-driven robots are under the rigid robot assumption. Few results can be found for the control of electrically driven robots with joint flexibility. This is because the presence of the joint flexibility greatly increases the complexity of the system dynamics. What is worse is when some system dynamics are not available and a good performance controller is required. In this paper, an adaptive design is proposed to this challenging problem. A backstepping-like procedure incorporating the model reference adaptive control is employed to circumvent the difficulty introduced by its cascade structure and various uncertainties. A Lyapunov-like analysis is used to justify the closed-loop stability and boundedness of internal signals. Moreover, the upper bounds of tracking errors in the transient state are also derived. Computer simulation results are presented to demonstrate the usefulness of the proposed scheme.
Introduction
Control of rigid robots has been well understood in recent years, but most of the schemes ignore the dynamics coming from electric motors and harmonic drivers that are widely implemented in the industrial robots. However, actuator dynamics constitute an important part of the complete robot dynamics, especially in the cases of high-velocity movement and highly varying loads [1] , [2] . The main reason for using a reduced model is to simplify complexity of controller design. For each joint, consideration of the flexibility from the
Main Results
The dynamics of a rigid-link flexible-joint electrically-driven (RLFJED) robot can be described by This implies that traditional adaptive control and robust control cannot be applicable. In the following, we would like to use the FAT to design an adaptive controller for the robot. Moreover, it is well-known that derivation of the regressor matrix for the adaptive control of high DOF rigid robot is generally tedious. For the RLFJED robot in (1), (2), and (3) its dynamics is much more complex than that of its rigid-joint counterpart. Therefore, the computation of the regressor matrix becomes extremely difficult. One of the contributions of the present paper is to propose an adaptive controller which does not need to calculate the regressor matrix needed in the conventional robot adaptive control. [36, 37] to be the vector of transmission torques, so (1) and (2) 
A. Controller Design for Known Robot
and g(q) are known, and we may design a proper control law such that τ follows the trajectory below 
can be proved to be skew-symmetric, the above equation becomes 
are augmented state vectors. To ensure the actual i to converge to the perfect i in (11), let us select the control input in In summary, if all parameters in the RLFJED robot (1), (2), and (3) are available, the desired transmission torque (7), the desired current (11), the control input (15) can give asymptotic convergence tracking performance. (11) ) (
B. Controller Design for Uncertain Robot
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where ĥ is an estimate of h . By (18), we may have the system dynamics
Together with (10) where fˆ is an estimate of
Substituting (22) into (3), we may
If an appropriate update law for fˆcan be selected, we may have
and f are functions of time, traditional adaptive controllers are not directly applicable. To design the update laws, let us apply the function approximation representation used. Using the same set of basis functions, the corresponding estimates can also be represented as 
, then equation (17), (20) and (23) (25), (26), and (27) can be computed as 
According to the Kalman-Yakubovic Lemma, we have .1、Lemma A.4 and Lemma A.7 , the right hand side of (31) can be divided into two parts to derive following inequalities From (28), we obtain (36) and (37) (22) (ii) the bound of the tracking error vectors for 0 t t ≥ can be derived as the form of (38), if the Lyapunov-like function candidates are chosen as (28) .
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Remark 1: The term with (30) It is easy to prove that s, τ e , and i e are also square integrable. From (25), (26) and (27) 
Simulation Study
Consider a 2-DOF planar robot (Fig.1) represented by the differential equation (1), (2) and (3). The quantities m i , l i , l ci and I i are mass, length, gravity center distance and inertia of link i, respectively. Actual values of link parameters in the simulation [34] are m 1 =0.5kg, m 2 =0.5kg, l 1 =l 2 =0.75m, l c1 =l c2 =0.375m, I 1 =0.09375kg-m 2 , and I 2 =0.046975kg-m 2 . The actuator inertias, damping, and joint stiffness are
The motor parameters are: Fig. 2 to 9. Fig.  2 shows the tracking performance of the end-point and the desired trajectory in the Cartesian space. It is observed that the end-point trajectory converges nicely to the desired trajectory, although the initial position error is quite large. Fig. 3 is the joint space tracking performance. It shows that the transient response vanishes very quickly. Fig. 4 is the control inputs in voltage. Fig. 5 to 9 are the performance of function approximation for D, C, g, h, and f respectively. Since the reference input does not satisfy the persistent excitation condition, some estimates do not converge to their actual values but remain bounded as desired. It is worth to note that in designing the controller we do not need much knowledge for the system. All we have to do is to pick some controller parameters and some initial weighting matrices.
Conclusions
An adaptive controller is proposed for RLFJED robots containing time-varying uncertainties. A backstepping-like procedure is developed to deal with the cascade structure in its dynamic equations. The function approximation technique is employed to cope with the time-varying uncertainties. The closed loop stability is proved by using the Lyapunovlike analysis. The realization of the proposed controller does not need to calculate the regressor which is required in most adaptive designs for robot manipulators. Simulation www.intechopen.com 
The last equality holds because by definition Let W be defined as in Lemma A.5 
